Introduction
The fibroblast growth factor (FGF)21 represents an atypical member of the FGF signaling system, which lacks heparin binding and circulates as a hormone. Experimental animal models showed their role in lipid and glucose metabolism and energy homeostasis, and the correlation coefficient (about 0.6) is poor. 1 FGF21 is activated by binding to the FGF receptors and a unique β-Klotho co-receptor, which is expressed abundantly in the liver, adipose tissue, and pancreas. 2 The liver represents a major site for FGF production and actions, and FGF21 was reported to be induced by different injurious agents, including chronic hepatitis C (CHC) virus, affecting the liver. [3] [4] [5] The underlying molecular mechanism for increased hepatic expression of FGF21 in CHC patients is unclear. One of the postulated mechanisms is the endoplasmic stress (ES) theory. ES activates the adaptive response known as the unfolded protein response (UPR). 6 The hepatitis C virus (HCV) single-stranded RNA genome encodes the nonstructural protein 4B (NS4B), an endoplasmic reticulum (ER) membrane-associated protein.
Overexpression of HCV-NS4B could induce ES. 7, 8 In pediatric non-alcoholic fatty liver disease (NAFLD), Alisi et al 9 found that FGF21 was inversely associated with the probability of fibrosis, but the relation of its expression in liver fibrosis in CHC patients is not well understood.
The aims of this study were to evaluate the FGF21 levels in CHC, genotype-4, Egyptian patients before and after the treatment with direct-acting antiviral agents (DAAs) in comparison to that in apparently healthy control subjects; to determine the effects of treatment in these levels; and to correlate FGF21 levels with insulin resistance (IR), lipid profile, and the different stages of liver fibrosis.
Patients and methods
After approval of the Faculty of Medicine Research Ethics Committee (FMREC), Minia University, Egypt, and the national Egyptian committee for viral hepatitis control, 75 naive Egyptian patients with compensated CHC and 40 apparently healthy subjects, who volunteered as control subjects, were selected for this study. All the participants signed an informed consent and were prospectively assessed from February 2015 to March 2017. This study was conducted in accordance with the Declaration of Helsinki and International Conference on Harmonization Guidelines for Good Clinical Practice.
inclusion criteria
Patients eligible for the study were 20-67 years old, nondiabetic, non-obese, naive patients suffering from genotype-4 CHC for 6 months or more. Infection was considered based on the presence of anti-HCV antibodies and serum HCV-RNA. HCV genotyping was done by direct sequencing of the untranslated regions using RT-PCR-based assay (Ampli Sens 61 HCV-genotype-FRT PCR kit). The control subjects were recruited from the medical and paramedical staff. There were 28 males and 12 females, and their age ranged between 20 and 66 years.
Exclusion criteria
Patients were excluded if they had diabetes mellitus (DM) or other forms of liver diseases such as concomitant hepatitis-B virus (HBV) infection, HIV, and schistosomal, autoimmune, or alcoholic hepatitis. Patients who received any antihyperlipidemic therapy in the last 3 months before recruitment were also excluded.
To quantify the stages of hepatic fibrosis, we used Fibroscan (transient elastography) and the Fibrosis-4 Index for Liver Fibrosis (FIB-4) test. According to Fibroscan, patients were classified into four subgroups based on the breakpoints in relation to the METAVIR score (17; F0<2.5; F0-F1=2.5-7; F2=7-9.5; F3=9.5-12.5; F4>12.5). The FIB-4, a combination of four variables, aspartate aminotransferase (AST), alanine aminotransferase (ALT), age, and platelet count, is calculated with the formula: FIB-4 index=(age
If the FIB-4 score is <1.45, this equals F0-F1, and if FIB-4 is >3.25, this equals F3-F4.
All the patients were treated with 150 mg simisipivir (SIM) capsules and 400 mg sofosbuvir (SOF) tablets once a day for 12 weeks. If the glomerular filtration rate dropped below 30 mL/min in any patient, the SOF dose was reduced to 200 mg.
Clinical assessment
History and thorough clinical examination were evaluated for all the participants. The patients were weighed (kilograms) and their height was measured (centimeters), and the body mass index (BMI) was calculated as weight divided by the square of the height (kilogram per square meter ). The waist circumference was measured 1 inch above the navel or midpoint between the lower margin of the least palpable rib and the top of the iliac crest parallel to the floor; the hip circumference was measured at its widest part of the buttocks or hip parallel to the floor; and then, the waist/hip ratio was calculated.
Laboratory assessment
The venous blood was drawn in the morning after 8 hours of overnight fast to determine the serum levels of ALT, AST, albumin, bilirubin, platelet count, international normalized ratio (INR), serum glucose, and insulin. After the patients 
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FGF21, a hepatic injury biomarker in CHC Egyptians and response to DAAs completed fasting for 12 hours, blood was drawn again for the assessment of total cholesterol, HDL, cholesterol, triglycerides (TGs), and total and high-density lipoprotein cholesterol (HDL-c) by automated procedures. However, low-density lipoprotein cholesterol (LDL-c) was calculated according to the Friedewald equation, when serum TG level is <400 mg/dL. 10 Serum insulin was determined by electrochemiluminescence immunoassay (Elecsys 2010; HoffmanLa Roche Ltd., Basel, Switzerland). IR was investigated in all patients by the homeostasis model of IR (HOMA-IR) using the standard formula: HOMA-IR=Fasting insulin (uIU/mL)×fasting glucose (mmol/L)/22.5. In virological assessment, HCV-RNA levels were determined three times: baseline, at the end of treatment (week 12), and at 12 weeks posttreatment. Measurements were done using the COBAS TaqMan HCV assay V.2.0 (Hoffman-La Roche Ltd.; lower limit of detection, 15 IU/mL). HCV-RNA levels were quantified with a lower limit of detection of 15 IU/mL. The end of treatment response (EOTR) was defined as undetectable HCV-RNA at the completion HCV therapy. Sustained virological response (SVR12) is defined as an undetectable HCV-RNA at 12 weeks after completion of therapy.
Serum FGF21 assay
Blood samples were collected from the antecubital vein between 8:00 and 9:00 AM after overnight fasting. Samples were centrifuged at 2,500× g for 10 minutes, and serum aliquots were stored at -80°C until analysis. Serum FGF21 levels were determined using a commercially available ELISA kit (HumaReader Plus, model: 3700; Germany) according to the manufacturer's protocol. The minimal detectable concentration was 7 pg/mL. All the measurements were performed in duplicate, in a random order, and the results were averaged.
statistical analyses
Symmetrically distributed continuous variables were presented as mean±SD. Skewed continuous variables were presented as median and interquartile ranges. Categorical variables were presented as frequency and percentage. Comparisons between groups were done by using the Mann-Whitney U test or the Student's t-test for continuous variables and the χ 2 or Fisher exact probability test for the categorical data. The two-tailed, paired Student's t-test was used to test the significance of difference between baseline and posttreatment FGF21. The Pearson correlation coefficients were used to study the correlation between different parametric variables. The Spearman rank correlation was used to quantify the association between continuous or ordered categorical variables. Logistic regression analysis was used to model the association among baseline FGF21, lipid profile, HOMA-IR, and other covariates to determine the factors associated with hepatic fibrosis. Linear regression analysis was used to identify the independent factors for FGF21. P≤0.05 was considered statistically significant. SPSS software for Windows, Version 20 (IBM Corporation, Armonk, NY, USA) was used to perform all the analyses.
Results
We studied 75 naïve Egyptian patients with CHC genotype 4, who were treated with SIM/SOF. The mean age of the patients was 47.5±12.3 years (range, 20-67 years), with a male to female ratio of 48/27, whereas the mean age of the healthy controls was 43.75±13.7 years (range, 20-66 years) with a male to female ratio of 28/12. No significant difference was found between patients and control groups as regards to age, sex, BMI, waist/hip ratio, and lipid profile. However, their comparison revealed a significant decrease in hemoglobin (Hb), platelets, and albumin levels (P<0.01, P<0.001, and P<0.05, respectively) vs significant increase in relation to INR, total bilirubin, ALT, and AST (P<0.01, P<0.001, and P<0.05, respectively). The patients were divided into two groups based on the Fibroscan examination. Group I included patients with mild fibrosis (n=38; F0, n=2; F1, n=13; and F2, n=23). Group II included patients with moderate to severe fibrosis (n=37; F3, n=16; F4, n=21). The baseline demographic, clinical, and biochemical characteristics of the patients and the healthy controls and the detailed virological and Fibroscan data of the patients were presented in Table 1 . Table 2 shows that the mean levels of fasting glucose, fasting insulin, HOMA-IR, and serum FGF21 were significantly higher in patients in comparison to controls (5 With increasing hepatic fibrosis, the mean levels of FGF21 continued to decrease with a mean level of 126.8±53.4 in group I vs 116.4±52 in group II, but it did not reach a significant difference (P≤0.407). Similarly, there was no significant difference between these two groups in relation to fasting glucose, fasting insulin, and HOMA-IR (P≤0.947, P≤0.229, and P≤0.2, respectively; Table 3 ).
The HOMA-IR was documented to be ≥3 in 60% of patients. So, we compared the patients with HOMA-IR≥3 with patients with HOMA-IR<3 in relation to the serum levels of FGF21 to investigate any association of IR with FGF21. Although the patients with HOMA-IR≥3 showed higher 
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El sagheer et al mean FGF21 levels (124±49.2 vs 116±57.8), the difference was non-significant (P≤0.5; Table 4 ).
The univariate analysis revealed a significant positive correlation for FGF21 with serum albumin (r=0.3, P≤0.002) and a significant negative correlation with fasting blood Table 7 ). Moreover, the reduction in FGF21 serum levels was obvious in the different stages of hepatic fibrosis (Figure 3 ). 
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Discussion
The results of this study documented higher mean serum levels of FGF21 in CHC patients in comparison to that in the healthy control subjects. Nevertheless, these levels were subjected to a significant reduction at EOTR. Moreover, FGF21 levels had a significant negative correlation with FBS and a significant positive correlation with serum albumin levels. However, FGF21 showed non-significant correlation with fasting insulin and HOMA-IR. The serum albumin, HDL-c, and the stage of liver fibrosis were determined to be independent risk factors for FGF21 by multiple linear regression analysis. The 209 amino acid protein, FGF21, which functions as an endocrine regulator in humans, got special interest. 11 It was shown to be induced in the stressed murine liver, Table 7 Changes in FGF21, some laboratory data, and imaging before and at the end of treatment with SOF/SIM (12 weeks) in ChC patients (n=75)
Variables
Before treatment and its abundant liver expression was, in turn, reflected in increased serum expression with a strong correlation between them. In patients with fatty degeneration, hepatitis, liver cirrhosis, and liver cancer, hepatocyte FGF21 is increased compared to cells residing in the healthy liver. So, its hepatic overexpression has been observed in a variety of liver diseases and was detected by immunohistochemistry in the diseased hepatocytes compared to the healthy hepatocytes.
End of treatment

P-values
12
The FGF21 levels were reported to have a positive association with HCV infection and a non-significant correlation with HBV infection; 13 however, the underlying mechanism remains unclear. Researchers tried to explain this through the ER stress activation, which is induced by the overexpression of HCV NS4B. 13 While Misra and Reddy 14 raised the possibility of perturbation of lipid metabolism, their explanation was questioned by others. 15, 16 Misra and Reddy 14 proposed that elevated FGF21 mirrors lipid accumulation that lead to the upregulation of PPAR-α and fatty acid oxidation system resulting in excess energy expenditure in the liver.
14 On the contrary, Wu et al 15 and Liu et al 16 found that both FGF21 and PPARγ-mRNA levels were downregulated with elevation of HCV-RNA. Thus, they considered that PPAR-α may not be a mediator of FGF21 expression in chronic HCV infecction. 15, 16 Another possible explanation is that overexpression of FGF21 depends on the possible anti-inflammatory function of FGF21 through suppression of the nuclear factor (NF)-κB activity as reported in animal models. 17 Clinical and Experimental Gastroenterology 2018:11 submit your manuscript | www.dovepress.com
Dovepress
421
FGF21, a hepatic injury biomarker in CHC Egyptians and response to DAAs
The liver remains the most important producer of FGF21 and a major site for its actions.
18 FGF21 was correlated with liver disease and has been considered as a novel regulator of oxidative stress in humans. 19 In agreement with other authors, 3, 5 this study not only showed significantly higher levels of FGF21 in CHC patients vs control but also showed significant reduction at the end of treatment with DAAs.
However, serum FGF21 levels are not correlated with the degree of liver dysfunction detected by the Child-Pugh and Model for End-Stage Liver Disease (MELD) scores as was observed in the study by Ucar et al. 13 However, in the present study, the univariate analysis revealed a significant positive correlation of FGF21 with serum albumin (r=0.3, P≤0.002), and the multiple linear regression analysis documented the mean serum albumin level as independent predictor for FGF21 (B=0.27, P≤0.02, 95% CI, 3.26-45.9 ). This finding could be explained in the view of the synthetic function of the liver. As the liver is the main source of both FGF21 and albumin, higher FGF21 and albumin levels are indicators of good synthetic function and vice versa. We did not use the Child-Pugh and MELD scores or correlate the serum FGF21 levels with the degree of liver dysfunction in the present study as our group of naive patients were chosen at an early stage of the disease with compensated liver, who came to receive antiviral therapy.
The relation of FGF21 and IR in CHC patients is not fully established. Although many authors 16, 17, 20 reported increased FGF21 levels with IR states, Li et al 21 denied any association between them in patients with NAFLD who have normal glucose tolerance or type 2 DM. In the present study, we did not find significant correlation between FGF21 and fasting insulin or IR. Moreover, this finding was re-emphasized after subgrouping the patients based on the HOMA-IR level (≥3 and <3). The mean FGF21 levels were 130±50.2 vs 131±55.9, respectively, with statistically non-significant difference (P=0.5). This was in agreement with the study by Kukla et al 5 who reported no associations of systemic FGF21 with HOMA-IR in HCV-infected patients. The discrepancy between the different studies may be explained by the direct involvement of the HCV with IR and the non-excluded interference between the virus and FGF21. Consequently, the protective action of FGF21 against hyperglycemia remains controversial. In this study, despite failure of confirmation by linear regression, the univariate analysis revealed a significant negative correlation between FGF21 and FBS. This finding may reflect a possible protective role for FGF21 against hyperglycemia, which could be explained by certain mechanisms. First, through its binding to 6-Klotho/FGF complex, FGF21 stimulates glucose uptake in adipocytes independent of insulin. 22 Second, by inducing the thermogenic capacity of white adipose tissue, FGF21 helps to increase glucose clearance. 23 Third, by acting on glucagon metabolism, FGF21 suppresses glucose production. 24 Fourth, by activation of signal-regulated kinase 1/2 and AKT signaling pathway (Akt pathway is a signal transduction pathway that promotes survival and growth in response to extracellular signals), FGF21 preserves B cell function. 3 As the liver represents the major source of the circulating FGF21, after liver disease, especially cirrhosis, it appears logic that the affected hepatic biosynthetic capacity may influence the serum levels of FGF21. 5 In this study, the mean serum level of FGF21 was higher in group I (F1-F2) than that in group II (F3-F4), but without reaching a significant level. However, the multiple regression analysis found out that hepatic fibrosis is an independent predictor of FGF21. This was in agreement with the study by Iwasa et al 25 who reported that the levels of FGF21 mRNA expression in the mice liver tissue was 2.5-fold lower in F4 group compared to F0 group, while its expression in F2-F3 group did not significantly differ from F0.
The question about the pathogenic role of FGF21 in development of hepatic fibrosis did not receive a clear answer yet. Experimental studies postulated a role for FGF21 in the regulation of hepatic stellate cells (HSCs) activation, apoptosis, and development of liver fibrosis through the gain-of-function and loss-of-function hypotheses. 26 Other studies found that the worsened steatosis, inflammation, and fibrosis in the FGF21-deficient mice could be reversed by continuous FGF21 subcutaneous infusion. 25 Also, FGF21 was reported to have an excellent performance to distinguish simple steatosis from nonalcoholic steatohepatitis (NASH) and was considered as a key regulator of hepatic lipid metabolism with suggestion of its use as a biomarker for NASH. 27 Despite its protective nature in animal models, FGF21 was reported in clinical studies to have a positive correlation with steatosis and the severity of fibrosis.
9, 27 Li et al 21 demonstrated that FGF21 serum levels are positively associated with serum TG, total cholesterol, LDL-c, BMI, waist circumference, blood pressure, and ALT and negatively associated with HDL-c in NAFLD patients. In the present study, we found that high HDL-c is independently related to the FGF21 level. This finding comes with the possible protective and the metabolic regulative role of FGF21 in HCV patients as what observed in other liver disorders such as alcoholic liver disease, NAFLD, and hepatocellular carcinoma. Moreover, FGF21 has been proposed to be used as a biomarker for NAFLD, NASH, and other liver pathologies.
Due to the aforementioned data, induced FGF21 expression is likely a biomarker for early detection of liver injury, Clinical and Experimental Gastroenterology is an international, peerreviewed, open access, online journal publishing original research, reports, editorials, reviews and commentaries on all aspects of gastroenterology in the clinic and laboratory. This journal is included on PubMed. The manuscript management system is completely online and includes a very quick and fair peer-review system, which is all easy to use. Visit http://www.dovepress.com/testimonials.php to read real quotes from published authors.
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El sagheer et al also it may be considered as a human stress-response hormone, synthesized and released in order to decrease cell damage. Consequently, it may be possible that DAAs targeting HCV replication by hitting NS4B are anticipated to suppress FGF21.
The limitations of this study included the small number of patients and the inability to address the relationship of FGF21 with hepatic steatosis as liver biopsy was prohibited by our national program for new antiviral therapy.
Conclusion
Although the exact mechanism of its expression is not yet clear, FGF21 correlation with HDL-c and FBS raise its role as metabolic regulator. It strongly introduced itself as a novel biomarker of hepatic injury in Egyptian genotype-4 CHC patients. Further studies are strongly required to address its possible therapeutic benefit against fibrosis, steatosis, and inflammation in HCV.
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